Introduction
The leaf of Lophatherum gracile, "Danzhuye" in Chinese, is a widely used traditional Chinese medicine to the treatment of pyreticosis, hydrodipsia, ardor urinae and urinary tract inflammation (1) . In addition, the herb is an important ingredient of some herbal teas, such as "Wong Lo Kat herbal tea", which are commonly used in southern China to ease common cold (2) . Modern pharmacological researches demonstrated that the extracts of L. gracile had antipyretic, diuretic, antibacterial, antitumor and hypoglycemic effects (3) . Coumaric acids possessed antiviral activities (4), luteolin and its glycoside possessed antibacterial and anti-inflammatory activities (5), apigenin and its glycoside possessed antioxidant and anti-tumor (6), isoorientin and swertisin possessed hypoglycemic activities (7), flavone C-glycosides have antiviral activities (8) . Coumaric acids and flavonoids are the major constituents of this herb, these two kinds of compounds could be considered as the active components of L. gracile, and therefore were used as the 'chemical makers' to control the quality of the herb in the present determination.
The leaf of L. gracile has been officially recorded in the Chinese Pharmacopoeia (State Pharmacopoeia Committee, 2010) as a crude drug (9) , but no quality control is listed except the character identification of the herb. Recently, there are some investigations related to the high-performance liquid chromatography (HPLC) quantitative determination of the bioactive components in L. gracile, including flavonoids, such as swertiajaponin (10), orientin, isorientin, vitexin, isovitexin (11) and tricin 7-O-glucoside (12) and coumaric acids, such as vanillic acid and trans-p-coumaric acid (13) . However, these methods suffered from lower resolution, lower sensitivity as well as fewer analytes (,4 analytes). Because the therapeutic effect of TCM is usually attributed to the synergy of multiple bioactive compounds, single or fewer active compounds could not be responsible for the overall pharmacological activities of the medicines. On the other hand, as this herb is widely cultivated in different parts of China, the contents of the active components vary greatly depend on the geographical locations, climate and other factors (14) (15) . It is necessary to develop a satisfactory method which can analyze more bioactive compounds for controlling the quality of L. gracile.
In the present study, a high-performance liquid chromatography method coupled with diode array detection (HPLC-DAD) was developed to simultaneously determine 10 different bioactive compounds in L. gracile (10) . Their structures are shown in Figure 1 .
Experimental
Chemicals, reagents and materials Acetonitrile (Merk, Darmstadt, Germany) was of HPLC grade. Water for HPLC analysis was purified by a Milli-Q water purification system (Millipore, Boston, Massachusetts, USA). Other reagent solutions were of analytical grade from Guangzhuo Chemical Reagent Corporation (Guangzhuo, PR China). Standard compounds were isolated from the leaves of L. gracile. Their structures were confirmed based on spectroscopic analysis ( 1 H NMR, 13 C NMR and ESI-MS). The purity of each compound was .98% detected by HPLC-DAD. Ten raw material samples of L. gracile were collected from different provinces in China. All the voucher specimens, which were authenticated by Prof. Guangxiong Zhou, were kept at our department for reference. The air-dried samples were smashed into powder and passed through a 40-mesh sieve before analysis and stored in desiccators.
Chromatographic conditions
Chromatographic analysis was performed on an Agilent 1100 series HPLC-DAD (190 -400 nm), a quaternary solvent delivery system, a column temperature controller and an autosampler. The chromatographic data were processed with Agilent Chromatographic Work Station software. The analysis was carried out at 358C on an Cosmosil MS-II C 18 column (250 Â 4.6 mm, 5 mm). The injection volume was set to 10 mL with detection set to 330 nm. The eluents A (water -acetic acid, 100 : 0.1, v/v) and B (acetonitrile) were used for separation at a flow rate of 1.0 mL min 
Preparation of standard solutions
In a clean and dry 10 mL volumetric flask, the following analytes of reference standards were dissolved in 10 mL of 70% methanol to make stock resolution: the 5-O-coumaroylquinic acid (2.567 mg), (4. 967 mg), saponaretin (2.576 mg), swertisin (1.825 mg) and apigenin 6-C-b-D-galactopyranosiduronic acid (1!2)-a-L-arabinopyranoside (3.064 mg). Calibration working standard solutions were prepared by diluting the stock solution with 70% methanol in the appropriate quantities. All working solutions were stored at 2208C and brought to room temperature before use. The solutions were filtered through a 0.45-mm membrane prior to injection.
Sample preparation
All the samples were oven-dried at 508C until the weight remained constant. The dried sample (4.0 g powder) was extracted with 100 mL ethanol aqueous solution (70%, v/v) in an ultrasonic water bath for 45 min. The solution was filtered through filter paper, and evaporated to dryness in a rotary evaporator. The extract was dissolved in 10 mL of 70% methanol in a volumetric flask. Therefore, each solute was at a concentration of 0.4 mg mL
21 . An aliquot of 10 mL resulting solution was filtered through a 0.45-mm membrane prior to HPLC analysis. 
Results and Discussion

Optimization of extraction procedure
To obtain satisfactory extraction efficiency, ultrasonic, refluxing and soxhlet extraction were compared. It was found that the ultrasonic extraction was simpler and more effective for extraction, and therefore used in further experiments. Pure and aqueous methanol solutions were tested as the extraction solvents. In the present study, different concentrations (40, 60, 70, 90 and 100%) of methanol solutions were used for extraction procedure of L. gracile (batch no. 20080325). It was found that the extraction values of all targets increased gradually with the methanol concentration increasing when the concentration of methanol was ,90%. A high methanol concentration (100%) did not benefit efficient extraction. Thus, 70% aqueous methanol was selected as the extraction solvent. Four sample-solvent ratios (1 : 20, 1 : 40, 1 : 60 and 1 : 80, w/v) were tested and compared, and it was found that the ratio of 1 : 40 was the best. Different extraction times (15, 30, 45 and 60 min) were also tested and 45 min was selected. The suitable extraction condition was established as follows: samples were extracted by ultrasonic extraction using 40-times of 70% aqueous methanol as the extraction solvent, and the process lasted for 45 min.
Optimization of chromatographic conditions
To obtain accurate, valid and optimal chromatographic conditions, different HPLC parameters were examined and compared, including various columns (Cosmosil C 18 250 Â 4.6 mm, 5 mm; Phenomenex Luna PFP 250 Â 4.6 mm, 5 mm; Agilent Extend C 18 250 Â 4.6 mm, 5 mm; Phenomenex Luna C 18 250 Â 4.6 mm, 5 mm), mobile phases (methanol -water and acetonitrile-water with different modifiers, including acetic acid, formic acid and phosphoric acid), column temperatures (20, 25, 30, 35 or 408C), and mobile phase flow rates (0.8, 1.0, 1.2 or 1.5 mL min 21 ). Based on the maximum absorption of the marker compounds in the UV spectra of the three-dimensional chromatograms obtained by DAD detection, the detection wavelength was set at 330 nm, where all the marker compounds could be detected and had adequate absorption. Finally, The chromatographic conditions for the method utilizing the Cosmosil MS-II C18 column on the Agilent HPLC 1100 series with gradient elution of 0.1% aqueous acetic acid and acetonitrile. The column oven heater was set to 358C. The peaks were recorded using DAD absorbance at 330 nm and the solvent flow rate was kept at 1.0 mL min 21 . Figure 2 shows chromatograms A and B corresponding to the mixture of the standards and sample.
Method validation of quantitative analysis
The method was validated in terms of linearity, LOD and LOQ, precision, reproducibility and recovery test.
Calibration curves, limits of detection and quantification Methanol stock solutions containing the 10 analytes were prepared and diluted to appropriate concentrations for construction of the calibration curves. The 10 analytes solutions at six different concentrations were injected in triplicate, and the calibration curves were constructed by plotting the peak areas versus the concentrations of each analyte. Satisfactory calibration curves of the 10 bioactive components were obtained. LOD and LOQ, which were expressed by 3-and 10-fold of the ratio of the signal-to-noise (S/N), were also acquired. Detailed information regarding the calibration curves, linear ranges, LOD, and LOQ is listed in Table I .
Precision, repeatability and stability Intra-and interday variations were chosen to determine the precision of the developed assay. Intraday precision was validated with three concentrations of mixed standard solutions under the optimized conditions for five times within 1 day. Interday precision was validated with the mixed standard solutions used above once a day for 3 consecutive days. To test the reproducibility of our assay, six independently prepared samples of L. gracile (batch no. 20080325) in parallel were prepared and analyzed. Stability was tested at room temperature and samples were analyzed at 0, 2, 4, 8, 12, 24 and 48 h within 2 days. Stability was expressed as the percentage decrease of sample solution: (content in sample solution at 0 h 2 content in sample solution at 24 h)/ content in sample solution at 0 h. Variations were expressed by relative standard deviations (RSD). All the results were shown in Table II , indicating that the intra-and interday, repeatability and stability RSD values of the 10 compounds were all ,4.11%.
Recovery test
The recovery test was done by the standard addition method. Low, medium and large amounts of the 10 standards were added to the known sample (L. gracile, batch no. 20080325) and then extraction and analysis were done as described in Sample preparation section. The mean recovery was counted according to the following formula: recovery (%) ¼ (amount found 2 original amount)/amount spiked Â 100%, and RSD (%) ¼ (SD/mean) Â 100%. The mean recovery of the 10 compounds was 96.32 -103.9% and their RSD value was ,3.15% (Table II) . It was found that the HPLC-DAD method was precise, accurate and sensitive enough for simultaneous quantitative evaluation of the 10 compounds in L. gracile.
Sample analysis
The newly established analytical method was subsequently applied to simultaneous determination of 10 active compounds in The notation for analyte refers to Figure 1 .
10 commercial samples of L. gracile (10 batches) from the same manufacturer. All samples were analyzed using the optimized extraction method under optimized HPLC conditions. Each sample was analyzed in triplicate to determine the mean content (mg g 21 ). Table III 
Conclusions
A simple and accurate method was developed for simultaneous analysis of 10 active compounds in L. gracile from different sources. This was the first report on the simultaneous quantification of 10 bioactive constituents in L. gracile. The method has been proved to have good linearity, precision, repeatability, stability and recovery. Based on this multi-components assay method, the developed method can be used to evaluate the quality of the drug. 
